Six multiparous, ruminally cannulated Holstein cows (46 DIM, 584 kg of BW) and 6 primiparous Holstein cows (35 DIM, 506 kg of BW) were used in two 6 x 6 Latin squares with 21-d periods to examine the effects of level of nonfiber carbohydrate, source of fibrous carbohydrate, and Aspergillus oryzae fermentation extract on intake, digestion, and milk production. Treatments were 42 and 36% nonfiber carbohydrate; shelled corn and soybean meal were replaced partially by beet pulp and dried brewers grains or soy hulls and dried brewers grains in 36% nonfiber carbohydrate diets. These three diets then were supplemented with 0 or 3 g/d of A. oryzae. Milk production and composition and DMI were not significantly affected by level or source of carbohydrate, although intake of NDF was significantly higher for 36% nonfiber carbohydrate diets. Total tract apparent digestibilities of ADF and NDF were higher for 36% nonfiber carbohydrate diets. Supplementation with A. oryzae did not significantly affect DMI, milk production, or total tract apparent digestibilities; however, milk fat content was decreased. Partial replacement of corn with fibrous carbohydrate sources, beet pulp and soy hulls, did not adversely affect intake or milk production in early lactation cows fed alfalfa silagebased diets. 
INTRODUCTION
Levels of structural carbohydrates (ADF and NDF) are controlled in the formulation of rations for lactating dairy cows, but little consideration is given to the nonstructural carbohydrate fraction (22) . Nonfiber carbohydrate (NFC) includes starch, sugars, pectins, and 0-glucans and can be estimated by the equation NFC = OM -(CP + NDF + ether extract) with a correction for CP bound to NDF (33).
Nocek and Russell (24) suggested that dietary NFC of 40% was optimal for lactating cow diets, but optimal NFC or starch percentages are not clearly defined. Dry matter intake and milk production were significantly increased when dietary starch and NFC were increased from 24 to 33% and 31 to 38%, respectively (19) . However, other researchers (26, 31, 32) have observed no significant differences in DMI or milk production when dietary NFC and starch were altered. Increased dietary NFC or starch have been associated with increases in the molar proportion of propionate (25, 31, 32) , with decreases in the molar proportion of acetate (32), and with a depression in milk fat percentage (26, 32) . Fermentability of NFC source also may affect these parameters similarly. Total tract digestion of cellulose (19) , ADF (26) , and NDF (32) were reduced when dietary NFC or starch was increased, but other studies (19, 32) reported no differences in total tract digestion of NDF in response to varying dietary percentages of NFC and starch.
Attempts to moderate starch and NFC levels in lactating cow diets often include partial replacement of corn or barley with high fiber by-product feedstuffs. Dietary inclusion of soy hulls (SH) generally has not affected DMI (8, 20) ; however, Nakamura and Owen (20) observed a decrease in milk production when SH were fed at 95.3% of the concentrate, but not at 50% of the concentrate. Huhtanen (17) reported similar DMI, increased milk production, and decreased milk fat percentage when beet pulp (BP) replaced barley in grass silagebased diets.
Supplementation of lactating cow diets with Aspergillus oryzae fermentation extract (AO) increased (1 4) or had no effect (1 8) on production of FCM. Responses to A 0 have been greatest in early lactation and when concentrate:forage ratios were high (14). Although increases in number of cellulolytic bacteria are common (23, 34) , increases in ruminal (13) and total tract fiber digestibilities have been variable (13, 14, 34). Dietary conditions under which a response to A 0 may be attained are not well defined. The objectives of this study were to evaluate the effects of NFC level, source of fibrous carbohydrate (FC), and A 0 supplementation on intake, milk production, and digestion in lactating dairy cows.
MATERIALS AND METHODS
Twelve lactating Holstein cows were used in two concurrently conducted 6 x 6 Latin squares with 21-d periods. The first 14 d of each experimental period were for ration adaptation; sampling was during d 15 to 21 of each period. Square 1 contained 6 multiparous, Nminally cannulated cows used for intake, digestibility, milk production, and ruminal measurements. Square 2 contained 6 primiparous cows used for intake, digestibility, and milk production measurements. Cows in square 1 averaged 46 DIM and 584 kg of BW, and cows in square 2 averaged 35 DIM and 506 kg of BW at the start of the trial.
Treatments were 42 and 36% dietary NFC;
shelled corn and soybean meal were partially replaced by one of two FC sources in 36% NFC diets: 1) BP and dried brewers grains (DBG) or 2) SH and DBG. Each of these diets then was supplemented with 0 (control) or 3 g/ d of A 0 (Amaferm@; Biozyme Enterprises, Inc., St. Joseph, MO). Diets ( An in situ degradation study was conducted using the cannulated cows in square 1. Dacron bags prepared as in Shaver et al. (28) were filled with 6 g of alfalfa hay containing 21% CP and 37.5% NDF that was ground to pass a 2-mm screen. Bags were placed in a mesh net secured to the ruminal cannula and were introduced into the rumen in reverse order starting on d 17 of each period. Samples at 0, 3, 6, 9, 12, 24, 48, and 72 h were incubated in duplicate. To stop microbial activity, incubated bags were rinsed in cold tap water upon removal from the rumen and stored at -20°C until they were washed in a commercial washing machine (5). Zero-hour bags were soaked in tepid tap water for .25 h and washed with the ruminally incubated bags. Bags and residue then were dried at 60'C for 72 h for determination of remaining DM. Rate and extent of DM disappearance were estimated using NLIN procedures of SAS (27) as described in Shaver et al. (28) . Residues from 0-and 72-h bags were analyzed in duplicate for NDF and N content as previously described. The rapidly disappearing fraction (A) was estimated as disappearance from the 0-h bag, the undegraded fraction (C) as the residue remaining at 72 h, and the slowly disappearing fraction (B) as
Ruminal fluid was sampled from cows in square 1 immediately prior to the a.m. feeding and at 2, 4, 6, and 8 h postfeeding on d 16 of each period. Samples were taken via the ruminal cannula by passing a covered bottle through the mat and collecting fluid from the ventral rumen. Samples were strained through two layers of cheesecloth for immediate pH determination (Beckman model 1009 pH meter, Combination Electrode 39848; Beckman Instruments, Fullerton, CA). A 50-ml aliquot was acidified with 1 ml of 50% H2S04 and stored at -20°C until analysis of VFA concentrations. Samples of ruminal fluid were prepared for analysis as in Brotz and Schaefer (3), analyzed for VFA using GLC (Varian 2100, Sunnyvale, CA) with GP 10% SP-1200/1% H3P04 on 80/100 Chromasorb W AW column packing (Supelco, Inc., Bellefonte, PA), and corrected for recovery of an internal standard (2-ethyl butyrate).
A second 50-ml aliquot was acidified with 1 ml of 50% TCA solution and stored at -20°C until analyzed for N H 3 concentration by a modification of the procedure of Chaney and Marbach (4). Upon thawing, ruminal fluid samples were centrifuged at 1400 x g at 4°C for 20 min. The supernatant was diluted 1:lO with distilled water. Four milliliters each of reagent A (50 mg of sodium nitroprusside, 8.25 g of sodium tungstate, and 11 ml of 90% liquified phenol/L) and reagent B (25 g of disodium phosphate, 5 g of reagent grade sodium hydroxide, and 50 ml of 5.25% sodium hypochloriteL) were added to 100 pl of the dilute ruminal fluid. Samples were incubated at room temperature (24°C) for 1 h and subsequently read at 600 nm on a plate reader.
Data were analyzed using general linear models procedure of SAS (27) with the following statistical model:
dependent variable, overall mean of population, average effect of square i, average effect of cow j nested within square i, average effect of period k, average effect of diet 1, interaction of square i and period k, interaction of square i and diet 1, and residual error, normally and independently distributed.
square was tested using the variance of cow within square as an error term; all other terms were tested using the residual mean square error. When square by diet and square by period terms were not significantly different from zero, they were removed from the model and pooled with the residual error. Carry-over effects of previous diet were tested but were not significantly different from zero and, therefore, do not appear in any model. For ruminal measurements, a split-plot over time model was used. Cow by period by diet, hour, and hour by diet terms were added to the model. Effect of square was tested using the variance of cow within square as an error term; the effect of cow, period, and diet was tested using cow by period by diet as an error term; hour and hour by diet were tested using residual mean square error. Degrees of freedom for diet were partitioned into five preplanned, orthogonal contrasts: level of NFC, source of FC, A 0 supplementation, NFC level by A 0 interaction, and FC source by A 0 interaction. The residual mean square error was used to test these contrasts for the original model; the variance of cow by period by diet was used to test these contrasts for the splitplot model. Contrasts were considered significantly different from zero when P < .05.
RESULTS AND DISCUSSION
Crude protein content of alfalfa silage was higher than values obtained from analysis prior to mal, resulting in diets that averaged 19.6% CP, which was higher than the target of 18.5% CP. Crude protein content was similar for all 
8%).
Because the starch and free glucose assay does not account for pectin in BP, and the NFC calculation does, this difference was expected. There was a 10 to 12% difference between NFC and starch content of experimental diets, which can be explained by the inclusion of pectin from alfalfa in the calculated NFC value, but not in the assayed starch and free glucose values. There was a 6% difference in NFC content of high and low NFC diets and a 3.3 to 6.7% difference in starch and free glucose.
Intakes of DM and NDF and BW means are summarized in Table 2 . Multiparous and primiparous cows averaged 638 and 557 kg of BW over the duration of the trial. Body weight was higher (P e .01) for cows fed the 36% NFC diets. No square by diet interactions were significant for DMI. Intake of DM (kilograms per day) was not significantly affected by treatment, but, when expressed as a percentage of BW, it tended to be higher (P < .lo) for 42% NFC diets. The higher BW of cows on 36% NFC diets, which was possibly due to higher ruminal NDF fill, may explain this difference. Increases in DMI have been observed when dietary starch and NFC were increased from 25 to 33% (19) and 34 to 42% (30), respectively.
Source of FC did not affect DMI. Similar intakes have been observed when BP, citrus pulp, and wheat middlings (32) and when BP alone (17) replaced barley in lactating cow diets. Partial replacement of corn with SH also has resulted in similar intakes (8, 20). Supplementation with A 0 did not significantly affect DMI. Other researchers (14, 30) have reported no differences in DMI in either early or midlactation cows supplemented with AO.
Intake of NDF (kilograms per day and as a percentage of BW) was higher (P < .OOl) for 36% NFC diets because of higher dietary NDF content. When expressed as a percentage of BW, NDF intake averaged 1.09 and 1.32% for 42 and 36% NFC diets, respectively, suggesting that when high fiber by-product feedstuffs are used in dairy cattle diets, dietary NDF level Table 2 . Square by diet interactions were not significant (P > .lo) for either milk production or composition. The square by period interaction was significantly different for production, suggesting that the decline in milk production over the trial differed for multiparous and primiparous cows. Milk production of multiparous and primiparous cows averaged 33.1 and 28.4 kg/d, respectively, and was not affected by NFC percentage or FC source. Production of 3.5% FCM, milk fat, and milk protein followed similar trends. Increasing dietary NFC either had no effect (30, 31) or increased milk production (19). Addition of A 0 to diets varying in NFC content had no significant effect on production of milk or 3.5% FCM. Responses to A 0 have been observed in early lactation cows (14), but not in all cases (30).
Milk fat percentage was higher for 42% NFC and lower for 36% NFC diets sup- Table 3 summarizes total tract nutrient apparent digestibilities. Both square by period and square by diet interactions were significant. Total tract digestibility of DM (P < .01) and OM was higher for 42% NFC diets. For primiparous cows, DM digestibility averaged 65.7 versus 63.0%, and OM digestibility averaged 67.3 versus 64.7%, for 42 and 36% NFC diets, respectively, and was higher at 42% NFC. There was no effect of NFC level on digestibilities of DM and OM in multiparous cows. Replacement of starch with fiber in 36% NFC diets may be expected to lower total tract apparent digestion of DM and OM if replacement is not offset by increases in fiber digestibility.
Apparent NDF (P < .001) and ADF digestibilities were higher for 36% than for 42% NFC 
diets. Similar findings have been reported for NDF (32) and ADF (26).
Higher NDF digestibilities in BP, SH, and DBG than in alfalfa silage and possible associative effects of fiber on ruminal fermentation may have contributed to these increases in fiber digestibility. Although fiber digestibility was higher for the 36% than for the 42% NFC diets, the increase was not sufficient to offset the lower DM and OM digestibilities. Total tract apparent digestion of CP was not affected by NFC percentage. Source of FC and A 0 supplementation did not affect nutrient digestibilities in this trial. Addition of A 0 has increased DM and CP digestion (14, 34). Others (9, 13, 14) have reported no effect of A 0 on total tract digestion of DM and CP. Fiber digestibilities have been either increased (13, 14) or unaffected (9, 13, 34) by A 0 supplementation.
Relative rates of ruminal liquid passage as estimated by a single ruminal dose of Cr averaged . l l h for all diets and was unaffected by treatment. Sievert et al. In situ estimates of DM degradation of alfalfa hay from square l cannulated cows are summarized in Table 4 . Rate (.14h) of degradation and ruminal availability of DM were not affected by treatment. Extent of degradation of DM, N, and NDF were not affected by NFC level, FC source, or A 0 supplementation. MacGregor et al. (19) observed no effect from dietary starch on disappearance of DM from dacron bags. Addition of A 0 has increased rate of DM disappearance from dacron bags (IO) and in vitro DM and fiber digestion (23) but has not affected extent of digestion. Firkins et al. (9) found no effect of A 0 on ruminal OM or NDF digestion using ruminally and duodenally cannulated heifers.
Ruminal fermentation means (average of samples taken at 0, 2, 4, 6, and 8 h postfeeding from cows in square 1) are presented in Table  5 . Ruminal pH averaged 6.26 across treatments and was not affected by NFC content, FC source, or AO. Although pH was different (P e Source of FC did not affect acetate or propionate. Acetate tended to be higher (P < .lo)
for AO-supplemented diets. Several researchers (10, 13, 34) observed no effect of A 0 on acetate; however, Firkins et al. (9) reported increases in acetate when A 0 was supplemented. Propionate was not affected by AO.
Butyrate tended to be higher (P < .lo) for 42% NFC diets, possibly related to increased NFC fermentation. Inclusion of BP resulted in higher (P e .01) ruminal butyrate (10.8 vs.
10.2 moYlOO mol) than did inclusion of SH. Addition of A 0 to the SH diet decreased butyrate (9.7 vs. 10.6 moYlOO mol) but had no effect when added to the BP diet. Isobutyrate (1.3 vs. 1.2 moYl00 mol), isovalerate (2.1 vs.
1.8 moV100 mol), and valerate (1.8 vs. 1.7 mo1/100 mol) were higher for 42 versus 36% NFC diets, respectively. These changes in butyrate and branched VFA are small and probably are not of biological consequence.
CONCLUSIONS
Partial replacement of corn and soybean meal with high fiber by-product feedstuffs did not adversely affect intake or milk production in early lactation cows. When nonforage high fiber feedstuffs were used in lactating cow diets, intake of NDF increased significantly but did not reduce DMI, suggesting that dietary NDF is not a useful predictor of DMI when high fiber by-product feedstuffs are fed. Source of FC (BP or SH) used to replace corn had little effect on intake, nutrient digestion, or milk production. Additional research is necessary to determine optimal percentages of dietary NFC and potential associative effects of source of FC in lactating cow diets. Responses to manipulation of NFC level and FC source may be mediated by forage source (alfalfa vs. corn silage), forage level of basal ration, starch content of basal ration, fermentability of starch source in basal ration (corn vs. barley), and feeding system (TMR vs. individual grain and forage). These factors may account for some of the differences among our observed responses to varying NFC percentage and FC source and those of other researchers (19, 26, 32) . Addition of A 0 to diets varying in NFC percentage did not improve nutrient digestion or cow performance. Some studies have reported responses to A 0 supplementation in early lactation cows, but dietary conditions in which a response to A 0 may be observed are not defined clearly and do not appear to be related to carbohydrate status of the ration.
